Abstract: Guinea pigs are often used as an animal model of human tuberculosis (TB
Introduction
Tuberculosis (TB) is one of the most serious infectious diseases worldwide. About one-third of the world's population is infected with Mycobacterium tuberculosis and more than three million people succumb to this disease annually [21] . Consequently, extensive studies, using several animal models, have been under-taken to develop better TB vaccines and anti-mycobacterial drugs.
Among the animal models of TB used to date, guinea pig TB is thought to be one of the most useful because of its similarity to human TB [11] . However, because there are few immunological tools available for examining the pathological and immunological processes occurring in guinea pigs infected with M. tuberculosis, many investigators have used a mouse TB model for which immunological and molecular biological methodologies are available. This lack of suitable methodology has hampered immunological studies of guinea pig TB.
Bioassays for IFN-γ and TNF-α and northern blot analysis with limited cDNA probes have been used to examine the development of guinea pig TB [6, 7, 9, 12] . Although real-time RT-PCR has been used recently to examine gene expression quantitatively [1, 2, 8, 10] , conventional RT-PCR is a more convenient method and uses cheaper reagents and devices [16-19, 22, 23] . In this study, new RT-PCR primer sets were developed for the detection of mRNA of several cytokines and other effector molecules in guinea pigs. Furthermore, real-time RT-PCR was also performed for some of the target genes and the results were compared with those of conventional RT-PCR. The results of RT-PCR with the newly designed primer sets correlated well with those of quantitative real-time RT-PCR and these primer sets can serve as cost-effective and convenient tools in conventional semi-quantitative RT-PCR.
Materials and Methods

Design of primer sets for RT-PCR
Two methods were used to design RT-PCR primer sets for investigating mRNA expression in guinea pig tissues. First, homology of mRNA sequences for cytokines and iNOS was determined among guinea pigs, mice and rats, because RT-PCR has been performed successfully with mRNA extracted from tissue samples of mice and rats using specific primer sets in our laboratory (Table 1) [16-19, 22, 23] . The sequences in guinea pig cytokine and iNOS mRNA that were homologous to sense or complementary to antisense primers for corresponding mouse or rat mRNA were identified. When there was sequence homology (or complementarity) to mouse or rat primers, primer sets were synthesized based on guinea pig mRNA sequences. RT-PCR was then carried out using these primer sets.
Alternatively, the primer construction program, Primer 3 (http://www-genome.wi.mit.edu/cgi-bin/ primer/primer3_www.cgi), was used with mRNA sequence information for guinea pigs collected from the Sequence Retrieval System at the Center for Information Biology and DNA Data Bank of Japan (DDBJ), National Institute of Genetics.
The sequences of these newly designed primer sets are shown in Table 2 , and they were synthesized by Sigma Genosys Co., Ltd. (Sapporo, Japan). Among them, β-actin and GAPDH (glyceraldehyde-3-phosphate dehydrogenase) were used as positive and internal controls for RT-PCR. The sequence of the primer set for β-actin has already been published by Nishikawa et al. [13] . The GAPDH primer set was designed originally for humans, mice and rats by CLONTEC Laboratories, Inc. This primer set was also found to be useful for guinea pigs without any sequence modification, and a PCR product of the same length (452 bp) was obtained. In addition to this GAPDH primer set, an alternative primer set was designed that was specific for guinea pig GAPDH using the primer construction program, Primer 3. A: TGG GCC TCA GCT TCT CAT CC (2) a Identical bases to the guinea pig primer are underlined. b The number of exon-intron boundaries in the amplified region is indicated in parentheses.
Animals and experimental infection
Six-week-old female Hartley guinea pigs were purchased from Charles River Laboratory (Tokyo, Japan). Six-week-old female C57BL/6 mice and eight-weekold female Lewis rats were purchased from Japan SLC Co., Ltd. (Shizuoka, Japan). The animals were infected with the Kurono strain of M. tuberculosis (ATCC 35812) by placing them in the exposure chamber of an aerosol generator (Glas-Col, Inc., Terre Haute, Ind.) under conditions that would introduce about 100 bacteria into the lungs of each animal [16-19, 22, 23] . The animals were housed under biosafety level 3 conditions at an animal facility in The Research Institute of Tuberculosis and given rat, mouse or guinea pig chow and water ad libitum. Permission to conduct the animal experiment was given by the Animal Experiment Committee of the Research Institute of Tuberculosis.
A CFU assay in the guinea pigs was carried out to estimate the number of tubercle bacilli in lung and spleen tissues at the indicated time points. Three animals were used at each time point. Part of the right lung posterior lobe from each animal was excised and homogenized, plated on 1% Ogawa's egg medium to culture bacilli, cultured at 37°C for 4 weeks and the The β-actin primer set was originally designed by Nishikawa et al. [13] . c The GAPDH primer set, which amplified the 452-bp product, was designed by CLONTEC Laboratories, Inc., and this primer set amplified the same 452-bp product in human, mouse and rat samples. The antisense primer of one primer set, which resulted in a 343-bp product, was specific for the guinea pig and was designed using the Primer 3 program. d Primer sets were designed using the Primer 3 program. e Primer sets were designed by referring to the mouse primer set. f Primer sets were designed by referring to the rat primer set.
colonies that appeared were counted [23] . The remaining part of the lung tissue was used for RNA extraction and histological examination. The results of the CFU assay were expressed as Log 10 (mean CFU ± SD) of three animals sacrificed at two-week intervals from 1 week post-infection.
RNA isolation and purification
The animals were sacrificed at the indicated time points after aerosol infection. The infected lungs were excised and used for RT-PCR analysis to examine the mRNA expression levels of several cytokines. These tissue samples were snap-frozen in liquid nitrogen and stored at -85°C until use. RNA extraction was performed as described previously [16-19, 22, 23] . Briefly, the frozen tissues were homogenized in a microcentrifuge tube after being frozen in liquid nitrogen. The homogenates were then treated with total RNA isolation reagent, TRIzol (Invitrogen Japan Ltd., Tokyo, Japan), according to the manufacturer's instructions.
As little information was available on the genomic sequences from the guinea pig databank, there were no clues to indicate where and how many introns exist in the cytokine and iNOS genes. Purified mRNAs without any genomic DNA contamination were therefore required to obtain reliable results by RT-PCR. Oligotex™-dT30 <Super> mRNA purification kit (TAKARA BIO INC., Otsu, Shiga, Japan) was used to purify mRNA from total RNA, because only reversetranscribed cDNAs had to be amplified.
cDNA synthesis
Purified mRNAs were reverse-transcribed into cDNA with M-MLV reverse transcriptase according to the manufacturer's instructions (Invitrogen Japan Ltd., Tokyo, Japan) except that the incubation temperature for the reverse transcription step was 42°C and the reaction time was 60 min.
PCR
PCR was performed using a mixture of equivalent amounts of cDNA of each sample (1 µl), 0.05 µl Takara EX Taq polymerase, 1.0 µl 10 × EX buffer, 0.8 µl dNTPs (Takara Bio Inc., Otsu Shiga, Japan), 0.5 µl each of gene-specific primer sets for β-actin, GAPDH, IFN-γ, TNF-α, TGF-β, IL-1β, IL-2, IL-10, IL-12p40, iNOS, and GM-CSF (Table 2) , and finally 6.15 µl of distilled water (total volume: 10 µl in a 200-µl microcentrifuge tube). The sequences of the primer sets and annealing temperatures are shown in Table 2 . The mRNAs purified with the Oligotex™-dT30 <Su-per> mRNA purification kit and not subjected to RT were used as negative controls in the PCR reaction to confirm that there was no genomic DNA contamination. All PCRs were performed as follows: denaturation at 94°C for 5 s, annealing at 60 or 65°C for 5 s, and extension at 72°C for 10 s, with the GeneAmp PCR System 9700 (Applied BioSystems, CA, USA). PCR products were visualized by ethidium bromide staining of 4% (w/v) SeaKem GTG agarose and NuSieve GTG (1:3) gels after electrophoresis.
Real-time RT-PCR
Taqman primer-probe sets for GAPDH, IFN-γ, TNF-α, and iNOS were designed using the Primer Express software package (version 2.0.0; Applied Biosystems) according to the manufacturer's guidelines, and synthesized by Sigma Genosys Co., Ltd. (Sapporo, Japan). The sequences of these primer-probe sets are shown in Table 3 . Real-time RT-PCR was performed using cDNA synthesized as stated above with specific primerprobe sets according to the instructions for the ABI PRISM 7900HT Sequence Detection System (Applied BioSystems Inc.). Data analyses (∆∆C T analyses) were performed with the ABI PRISM Sequence Detection System software package (version 2.1; Applied BioSystems, California, USA) installed on Windows 2000 OS. The results were expressed as relative expression quantities of the targets compared to those of non-infected animals that were calibrated with the internal control gene expression (GAPDH).
Results
Determination of β-actin and GAPDH primer sets as internal and positive controls
The PCR products used as positive and internal controls, β-actin and GAPDH, are shown in Fig. 1 . The PCR data (lane 1) for the β-actin gene using a primer set designed by Nishikawa et al. [13] showed that this primer set resulted in an amplified product of the expected length. Lane 3 shows the bands for the GAPDH PCR products and those obtained with primer sets de-signed by CLONTEC Laboratories, Inc., which are used to detect human, mouse and rat GAPDH of the same product length. The length of the guinea pig PCR product thus obtained was also the same (452 bp). The PCR product shown in lane 4 was amplified using a newly designed antisense primer specific for guinea pig GAPDH ( Table 2 ). The product length obtained with this primer set was 343 bp. The signal for the latter product was slightly lower than that for the former under the same PCR conditions. It was shown that no DNA contamination occurred in the purified mRNA used as template because there was no product after PCR (lanes 2 and 5). Figure 1 also shows the PCR data for IFN-γ, TNF-α and iNOS mRNA expression. Although attempts were made to design specific primer sets for guinea pig IFN-γ and TNF-α using the sequence information (homology or complementarity) for mice and rats, it proved impossible to design satisfactory primer sets. Therefore, primer sets for IFN-γ and TNF-α were designed using the primer design program, Primer 3. With these primer sets, clear PCR product bands of 171 bp (IFN-γ; lane 6) and 184 bp (TNF-α; lane 7), were obtained. Primer sets for iNOS were designed based on sequence homology to the rat iNOS gene as shown in Table 2 . With these primer sets, clear PCR bands of 456 bp were and iNOS. Lane 1: β-actin PCR products (279 bp) amplified from cDNA from guinea pig lung tissue sample using the primer sets designed by Nishikawa et al. [13] ; lane 3: GAPDH PCR product amplified from cDNA from a guinea pig lung tissue sample with CLONTEC primer set (452 bp); lane 4: GAPDH PCR products amplified from cDNA from guinea pig lung tissue sample with CLONTEC sense primer and Primer 3-designed anti-sense primer (343 bp). Lane 6: IFN-γ PCR products amplified from cDNA from a guinea pig lung tissue sample with the Primer 3-designed primer set (171 bp); lane 7: TNF-α PCR products amplified from cDNA from a guinea pig lung tissue sample with the Primer 3-designed primer set (184 bp); lane 8: reference PCR product (317 bp) using cDNA from a rat lung tissue and the rat primer set for iNOS; lane 9: iNOS PCR products amplified from cDNA from a guinea pig lung tissue sample with the primer set designed by reference to the rat iNOS primer set (456 bp). Lanes 2 and 5: negative control PCR products using β-actin and GAPDH primer sets, respectively; lane 10: an example of negative control PCR products with iNOS primer sets. In negative control experiments, purified and non-reverse transcribed mRNA samples were used for PCR. M: molecular size marker.
Primer sets for IFN-γ, TNF-α and iNOS
obtained for guinea pigs (lane 9) and 317 bp for rats (lane 8) with corresponding primer sets, respectively. Figure 2 shows the data for RT-PCR using six primer sets designed for guinea pig IL-1β, IL-2, IL-10, IL-12 p40, GM-CSF and TGF-β mRNA. Among these, the primer sets for IL-2 were constructed using homology with mouse primer sequences that we use in our laboratory and a PCR product with an expected length of 353 bp (lane 3) was obtained. The reference PCR product for IL-2 (401 bp) obtained with combination of a mouse cDNA template and primers for mouse IL-2 is also shown in lane 2. As it was difficult to design satisfactory gene primer sets for IL-1β, IL-10 and IL-12 p40 from mouse or rat RT-PCR primer sets, the Primer 3 program was used ( Table 2) Finally, guinea pig primer sets for TGF-β and GM-CSF were designed. The primer set for guinea pig TGF-β was designed by referring to the mouse primer set for TGF-β (Table 2) . A clear 303-bp PCR product was observed (lane 8) for guinea pig samples with guinea pig primer sets. The reference PCR products (405 bp) with mouse cDNA samples and mouse primer sets are shown in lane 7. The primer set for GM-CSF was designed using the Primer 3 program, and the PCR product was shown to be 171 bp in length (lane 6).
Comparison of the results of RT-PCR with those of real-time RT-PCR
We performed real-time RT-PCR for some of the important target genes to compare the results with those of conventional RT-PCR. The guinea pigs were infected by the aerosol technique with the Kurono strain of M. tuberculosis, and sacrificed at two-week intervals from 1 week post-infection. The numbers of CFU in the infected lung and spleen tissues were determined by culturing the tissue homogenates for 4 weeks at 37°C (Fig. 3) . The number of tubercle bacilli in lung and spleen tissues increased gradually with time except at five weeks post-infection in the lung tissues. There were no tubercle bacilli at one week post-infection in the spleen, but the number increased gradually thereafter.
In view of the importance of cytokines in M. tuberculosis infection, IFN-γ, TNF-α, and iNOS were chosen as target genes and the primer-probe sets for these target genes were synthesized. The primer-probe set for GAPDH was also synthesized and used as an internal control, as shown in Table 3 . The changes in mRNA expression by RT-PCR with the newly designed primer sets and the time course of M. tuberculosis infection are shown in Fig. 4A . Using the same cDNA, we performed real-time RT-PCR with the primer-probe set, and the results are shown in Fig. 4B . The data for conventional RT-PCR with the newly designed primer sets during the course of the infection correlated with the increase in the number of CFU and those of realtime RT-PCR, especially for TNF-α mRNA expression.
Discussion
The guinea pig model is one of the most suitable animal models for simulating human TB [11] . There have been many experimental studies using guinea pigs to assess the efficacy of newly produced vaccines and antibiotics [3-5, 7, 24] . However, as there are very 
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few useful tools for evaluating the immunological changes in these experiments at the protein and genetic levels, some researchers have used bioassays to measure IFN-γ or northern blot hybridization using limited numbers of DNA probes [2, 6] . Antibodies against guinea pig cytokines are not available for setting up guinea pig cytokine ELISA. So far, guinea pig IFN-γ, TNF-α, IL-1β, IL-2, IL-10, IL-12p40, GM-CSF, TGF-β and iNOS mRNA have been sequenced and their accession numbers are readily available [7, 15, 20] , but RT-PCR has not been available for examining the expression of these mRNAs. Thus, our study is useful because our RT-PCR detects immunological changes in M. tuberculosis-infected guinea pig tissues at the mRNA level over time. Recently, a highly quantitative mRNA detection system, real-time PCR, has been introduced to the field of TB investigation [1, 2, 8, 10] .
Although this technique provides quantitative results, the reagents are expensive and special devices are required. Thus, we designed primer sets for conventional reverse transcription PCR that can be used with cheaper reagents and simpler devices. When we designed the primer sets for guinea pig cytokines and iNOS, we adopted two methods. First, we searched for homology in cytokine genes among guinea pig, mouse and rat with information obtained from the DDBJ and the National Center for Biochemical Information (NCBI). This enabled us to design two cytokine primer sets for guinea pig genes, IL-2 and TGF-β, and a primer set for iNOS. As shown in Table  1 , primer sets for IL-2 and TGF-β, and iNOS were designed utilizing mRNA sequence homology to the corresponding genes of the mouse and the rat. Secondly, we used Primer 3 (an on-line primer design program) to design primer sets. This program provides an easy method for preparing primer sets using default settings. We prepared new primer sets for guinea pig IFN-γ, TNF-α, IL-1β, IL-10, IL-12p40, and GM-CSF using this program.
There is only very limited information available about the guinea pig genomic sequence, therefore, we do not know if there are any exon-intron boundaries in the regions targeted for PCR amplification. We have to purify mRNAs from guinea pig tissues in order to prevent genomic DNA contamination, otherwise it is difficult to know whether the resultant PCR products have been amplified only from reverse-transcribed cDNA. In this study, we used an Oligo dT-30 <Super> mRNA purification kit (Takara-Bio, Co. Ltd., Shiga, Japan) to purify mRNA from total RNA extracted from the guinea pig tissues. This kit utilizes the presence of the poly A tail of the mRNA sequence and provided excellent mRNA purification with no genomic DNA contamination. This mRNA purification method is very useful when PCR is performed using guinea pig mRNA samples for which the information about exon-intron boundaries is unknown. This step is essential and other mRNA purification kits can be used.
We have already reported several mRNA expression patterns with RT-PCR for cytokines and other effector molecules in experimental tuberculosis with mouse and rat models [16-19, 22, 23] . In these reports, wild type animals expressed TNF-α mRNA from early days after infection, and mRNA expression pattern of iNOS correlated very well with that of IFN-γ, where both peaks of expression appeared at 3 to 5 weeks after infection. Up-regulated expression of these cytokines and iNOS in the early period of infection is important to prevent deterioration of the disease.
In this study, we investigated mRNA expression patterns of several cytokines and iNOS in experimental tuberculosis of the guinea pig with conventional RT-PCR and real-time PCR (for IFN-γ, TNF-α and iNOS). In terms of TNF-α, the expression pattern in guinea pig was similar to those of the mouse and rat which we have reported several times [16-19, 22, 23] , and the results from RT-PCR and real-time PCR correlated very well with each other. However, although the mRNA expression pattern of IFN-γ examined by RT-PCR was similar to those of the mouse or rat, the expression pattern of iNOS did not correlate well with IFN-γ despite repeated trials. It is thought that this phenomenon is typical of the guinea pig. The results of RT-PCR showed slight differences with the expression patterns examined with real-time PCR. Recently, Raju et al. reported there was no correlation between IFN-γ and iNOS expression in an examination of BAL cells with real-time PCR when tuberculosis patients were treated with aerosolized IFN-γ, whereas the IFN-γ inducible 10-kDa protein (IP-10) expression examined with realtime PCR correlated well with the administered dose of IFN-γ [14] . Our present data are in agreement with their evidence and both may reflect an immunological similarity between the human and guinea pig in coexpression patterns of IFN-γ and iNOS
We also assessed whether or not the primer sets could provide satisfactory outcomes in tissues of M. tuberculosis-infected guinea pigs, and compared the data with those of real-time RT-PCR. The data obtained using both methods were correlated. The correlation indicates that the newly designed primer sets for conventional RT-PCR can serve as useful immunological tools in guinea pig experiments. Using these primer sets, conventional RT-PCR in the guinea pig can provide valuable data more conveniently and cheaper than real-time PCR.
In summary, we devised new primer sets for guinea pig gene RT-PCR, and they will be useful for immunological studies of TB in guinea pigs. RT-PCR is a convenient and cost-effective method although it is semi-quantitative. Few tools are currently available for examining the immunological processes in guinea pig TB, therefore, these newly designed primer sets for RT-PCR will serve as effective and less expensive experimental tools that can be used routinely for research in this field.
